Objective: Cognitive support technologies that support clinical decisions and practices in the emergency department (ED) have the potential to optimize patient care. However, limited uptake by clinicians can prevent successful implementation. A better understanding of acceptance of these technologies from the clinician perspective is needed. We conducted a scoping review to synthesize diverse, emerging evidence on clinicians' acceptance of point-of-care (POC) cognitive support technology in the ED.
on acceptance of novel technologies. Technical aspects such as an unfriendly user interface, presentation of redundant or ambiguous information, and required user effort had a negative impact on acceptance. Patient expectations were also found to have a negative impact, while patient safety implications had a positive impact. Institutional support was also reported to impact technology acceptance.
Conclusions:
Findings from this scoping review suggest that while ED clinicians acknowledge the utility and value of using POC cognitive support technology, actual use of such technology can be low. Further, few studies have evaluated the acceptance and use of POC technologies in routine care. Prospective studies that evaluate how ED clinicians appraise and consider POC technology use in clinical practice are now needed with diverse clinician samples. While this review identified multiple factors contributing to technology acceptance, determining how clinician, technical, patient, and organizational factors mediate or moderate acceptance should also be a priority.
P oint-of-care (POC) health technologies are systems that apply organized knowledge or skills at the place and time of patient care. 1 Among the range of POC systems, cognitive support technologies-tools designed to guide clinician practice-are emerging as a means to optimize patient care and address inefficiencies. 2 Offering real-time, tailored, clinical information, cognitive support technology can be used across a spectrum of clinical processes including screening and risk assessment, intervention, order entry, and medication prescribing. 2, 3 Within the emergency department (ED), these technologies are proposed to mitigate clinical challenges associated with crowding, limited patient background information, and urgency to treat. 4 Preliminary evidence demonstrates that computerized POC cognitive support technologies in the ED are feasible 5 and have enhanced adherence to guidelines, 2, 6 improved the timeliness of diagnoses and treatment decisions, 7, 8 and reduced medication errors. 9 Recommendations for the design and implementation of POC cognitive support technologies necessitate the consideration of end-users' needs and preferences when developing a technology's features (e.g., speed, data entry requirements, platform) [10] [11] [12] and content (e.g., relevance of knowledge base). [11] [12] [13] [14] Taken together, these recommendations highlight the importance of "technology acceptance" or how clinicians come to accept and use a technology. At this time, ED clinicians' acceptance of POC cognitive support technologies is not well understood, but could help ED administrators and technology developers anticipate barriers to use, address clinician concerns regarding use, and better integrate technology into emergency care systems.
We conducted a scoping review of the literature to identify the evidence base for the acceptance among ED clinicians toward POC cognitive support technologies. A scoping approach is particularly useful for aggregating evidence and revealing themes in high volumes of diverse literature on developing fields of research. 15, 16 We also sought to identify in the literature specific clinician, patient, organizational, and technical factors that have been shown to influence technology acceptance among ED clinicians. We concluded the review by identifying gaps in the evidence base on technology acceptance for which research might add value to emergency care.
METHODS

Study Design
This was a scoping review guided by the Arksey and O'Malley 15 framework, with enhancements as recommended by Levac et al. 16 Reporting of the review adheres to the PRISMA statement checklist. 17 
Search Strategy
We developed and executed the search strategy in collaboration with a medical librarian (author SMC) experienced in literature searches relevant to emergency medicine. The search strategy was tested for sensitivity, determined by whether the search successfully filtered in four studies [18] [19] [20] [21] April 19, 2016 , and the search was updated on December 12, 2016. Databases were searched using both controlled vocabulary (e.g., MeSH and EMTREE) and text-words describing the concepts of "emergency department," "computer technologies," and "acceptance." Articles related to "prehospital care" were removed. The searches included both published and unpublished studies from January 2006 to December 2016. With consideration to rapid advances in how technology is used at the patient bedside and how implementation is currently studied, 22 we chose to include literature from the past 10 years for the review to reflect contemporary studies of POC cognitive support technologies. The search strategy was not limited by study design or language. Data Supplement S1 (available as supporting information in the online version of this paper, which is available at http://on linelibrary.wiley.com/doi/10.1111/acem.13325/full) provides the search terms developed for the MED-LINE database. We also hand-searched two online archives of conference abstracts: the Society for Academic Emergency Medicine (2006 to 2016) and the American College of Emergency Physicians (2008 to 2016). The reference lists of included studies were also reviewed to identify additional relevant studies.
Inclusion Criteria
We included studies of any design that assessed a cognitive support system implemented in the ED that was: 1) delivered via technology (e.g., computer, smartphone), 2) used at the POC by ED clinicians, and 3) assessed for user acceptance. Studies of stand-alone electronic medical/health records, without integrated cognitive support decision support systems, were excluded. We defined ED clinicians as medical residents, fellows, attending physicians, physician assistants, and nurses employed in the ED. We defined an assessment of user acceptance as an assessment of cognitive (i.e., beliefs, attitudes, and intention) and/or behavioral (i.e., uptake and adherence) factors related to technology use (see Data Supplement S2, available as supporting information in the online version of this paper, which is available at http://onlinelibrary.wiley.c om/doi/10.1111/acem.13325/full, for inclusion and exclusion criteria).
Screening for Eligibility
Articles were organized and screened using RefWorks bibliographic management software. Two reviewers (authors SJ and KS) independently screened the title and abstract of articles in the RefWorks library, classifying each as "relevant," "irrelevant," or "unclear" using predetermined inclusion and exclusion criteria. The same reviewers independently reviewed the full text of studies that were identified as relevant or unclear and subsequently calculated inter-rater agreement with the kappa statistic. 23 The reviewers contacted primary authors of studies when reports were vague or were missing information, and a decision on eligibility could not be made. Primary authors of relevant unpublished studies were contacted to identify if updated published work was available. Discrepancies in screening decisions were resolved by discussion and consensus between the reviewers or through third party (authors ASN, AP, and SC) consultation as necessary.
Data Extraction
A standardized data extraction form was developed based on four cycles of pilot test extractions. [18] [19] [20] [21] The extraction form captured characteristics about the study (e.g., country, design), setting, clinician sample, patient population, technology (e.g., type, function), and measurement (i.e., technology acceptance outcomes). Study findings for technology acceptance and technology use were also extracted. The data were independently extracted by two reviewers (authors SJ and KS), and reviewed by one reviewer (author SJ) for completeness and accuracy. Discrepancies were resolved by consensus or by contacting corresponding authors of included studies.
We organized technology acceptance data in several complimentary ways. Technology acceptance outcomes that were examined in each study were grouped according to domains from the Technology Acceptance Model 2 (TAM2), which identifies end-user cognitive processes involved with technology acceptance. 24 The model proposes 11 measurable determinants of acceptance: perceived ease of use, perceived usefulness, subjective norms (i.e., perception of the degree to which use is advocated by others), image (e.g., perception that use will enhance status), job relevance, output quality (e.g., technology performance), result demonstrability (e.g., how tangible the outputs are), personal experience with the technology, voluntariness of use, compatibility with work flow, and resistance to change (i.e., maintaining status quo). [24] [25] [26] [27] [28] We also organized clinician technology acceptance findings broadly under four domains complementary to the TAM2 model-attitudes and beliefs, technology experience, intention to use, and actual use-so as to describe results in relation to practical terms of clinical care. Finally, we grouped findings on factors that influence technology acceptance according to clinician, technical, patient, and organizational factors. The intent of this grouping was to enhance the interpretability of technology acceptance findings.
Quality Assessment
The quality of studies was assessed using the MixedMethods Appraisal Tool (MMAT), which offered a consistent scoring system across heterogeneous study designs in this review. 29 The MMAT consists of two screening questions applicable to all study designs and three to four questions applicable to specific designs. Questions relevant to each study design were scored by summing the final count of "yes" answers, dividing it by the total number of questions, and multiplying by 100 to give a MMAT percentage score. Higher scores indicate higher methodologic quality. Qualitative studies were appraised for the relevance of data sources, processes used for data analysis, consideration of study context, and the researchers' potential to bias the results. A randomized controlled trial was appraised for sequence generation, allocation concealment, the completeness of outcome data, and study attrition. All other quantitative studies were appraised for recruitment strategies and/or sample representativeness, outcome measurement, the completeness of outcome data and/or study response rate, and when applicable, the comparability of comparison groups. Mixed-methods studies were assessed for the relevance of the design, integration of methods, and limitations to integration. Two reviewers (authors SJ and KS) independently assessed the methodologic quality of studies. Disagreements were resolved by consensus or by involving a third reviewer (author ASN) as required.
Data Analysis
Evidence tables were developed to aggregate findings into descriptive and thematic summaries. 15 Descriptive summaries included information on study design, methodologic quality, study population and setting, and sample size. Summary statistics were calculated using STATA (version 14.0, StataCorp). To give a practical context to the acceptance findings, the POC cognitive support tools were identified and grouped as: 1) hypothetical or in development (i.e.
, not yet introduced into ED care), 2) novel (i.e., newly introduced to ED care), or 3) existing (i.e., already used for ED care). We summarized acceptance findings by clinician, patient, organizational, and technical factors shown to influence technology acceptance among ED clinicians. For each factor, we extracted specific variables related to acceptance and calculated the frequency of studies examining each variable. Stratification of outcome data by frequency of studies lends to an understanding of broader trends in research on technology acceptance.
RESULTS
Literature Search and Selection
The search strategy identified 1,563 unique citations. Of these citations, 202 were considered potentially relevant based on their title and abstract ( Figure 1 ). After full-text review, 24 articles 6,18-21,30-48 met inclusion criteria and were included in the review. Reviewer agreement on identifying studies for inclusion was excellent (j = 0.901). Any discrepancies were resolved to achieve 100% consensus on study inclusion.
Description of Included Studies
Characteristics of included studies that have evaluated acceptance of POC cognitive support technologies are presented in Table 1 . The majority of studies were single site studies (67%) and conducted in EDs in the United States (67%). More than half the studies (63%) examined acceptance of novel technologies, which were newly introduced to the study setting for research purposes. Figure 2 illustrates how technology acceptance was studied according to acceptance determinants identified by the TAM2 model.
Study Quality
Details on the quality of studies are provided in Data Supplement S3 (available as supporting information in the online version of this paper, which is available at http://onlinelibrary.wiley.com/doi/10.1111/acem. 13325/full). The majority of studies (79%) received a MMAT score above 75 (two of three or three of four criteria met). Two studies 33, 35 (8%) had a score below 50 (half to less than half of criteria met). Table 2 details general findings of acceptance of POC cognitive support technologies in the ED. Attitudes and beliefs were the most common outcomes for measuring technology acceptance among physicians (10 studies), nurses (three studies), and a mixed ED clinician group (three studies). Across the studies, there was general agreement on the potential benefits of POC cognitive support technology in the ED. However, actual use of POC cognitive support technologies by clinicians in the ED was low. When measured by the proportion of patient cases for which the tool was ACADEMIC EMERGENCY MEDICINE • May 2018, Vol. 25, No. 5 • www.aemj.org used, actual use ranged from 30% to 59%. 6, 36, 43 Among these, the lowest reported use was 30%. 43 Across studies measuring "uptake" as frequency of use, use ranged from 40% to 45%. 39, 48 In one study, uptake was measured in reverse, as the prevalence of incomplete adherence to tool recommendations, which was 27%. 34 Factors Associated With Technology Acceptance Clinician Factors. In two studies, perceived usefulness dictated physicians' overall perception of POC cognitive support tools and was positively correlated with intention to use. 20, 42 Perceived workflow compatibility was found to positively impact acceptance in three studies. 20, 42, 47 Barriers to technology acceptance included clinician beliefs that the ED is an inappropriate setting for POC cognitive support technology 40, 44 and that these tools undermine individual clinician expertise. 33, 34, 48 Some studies found higher acceptance among senior physicians, 43, 46 while other studies reported little to no difference in level of acceptance between senior and junior physicians. 6, 19, 37 Studies also demonstrated potential mediating effects of perceived value 18 and helpfulness 33 of the technology on perceived ease of use and intention to use.
Clinician Acceptance and Use of POC Cognitive Support Technologies
Technical Factors. Tool simplicity and flexibility had positive impacts on acceptance. 21, 31, 46 Several studies reported that redundant and ambiguous information, which was difficult to apply to unique or specific patient cases, hindered uptake. 21, 35, 46 In one study, high specificity and sensitivity of information and feedback were found to increase clinicians' intention to use POC technology. 30 Patient Factors. Caregiver and patient preferences for procedures had the potential to impact test ordering and treatment plan decisions when using POC cognitive support technologies. 21, 37, 45 Two studies found that the willingness to use POC cognitive support technology among clinicians was higher when treating patients with less severe complaints 21 or polypharmacy. 20 Evidence on the impact of patient diagnosis on technology acceptance was inconsistent across two studies. One study showed differences in the frequency of technology use by the type of infection that patients were diagnosed with. 6 In another study, clinician-reported intention to use recommendations offered on the technology were similar for diagnoses of both pulmonary embolism and acute coronary syndrome. 38 Organizational Factors. Technology acceptance was affected by institutional capacity, namely, whether Figure 1 . Identification, screening, and selection of studies included in the review. <75,000 = 46.5%). 35 Attending physicians and fellows (7) Pediatric patients (125) 7 months Negative response to the DDST, interest/excitement for "Knowledge Page"
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Carman et al. platforms to host the technology and personnel to support and sustain the system were available. 20, 31 Barriers to use, including the failure to increase the awareness of the existence and purpose of the technology, 6, 20, 39 as well as insufficient training among physicians and nurses, 18, 31 were other organizational level factors that affected acceptance. Technology acceptance was also influenced by medicolegal concerns. Conflicting opinions were expressed-some physicians indicated that cognitive support technology offered some immunity and legal protection, 30 whereas others viewed these tools as a legal liability. 45 A higher intention to use POC technology was found when positive uptake was demonstrated by colleagues, 19, 30 and tool integration was aligned with the evidence-based care guidelines advocated by the institution. 21 
DISCUSSION
The examination of POC cognitive support technologies in the ED is an emerging field of study. Preliminary evidence demonstrates the enabling features of cognitive support technology during acute patient care. 2, 4, [6] [7] [8] [9] An evaluation of technology acceptance is foundational to subsequent efforts to address barriers to use, to manage inefficiencies, and to promote uptake among ED clinicians. Using a scoping review, we synthesized emerging evidence on the factors related to the acceptance of ED-based POC cognitive support technology among clinicians. This review revealed three key aspects of technology acceptance by ED clinicians: 1) while perceptions of use can be high, actual use can be low; 2) "real-world" clinical practice is understudied; and 3) technology acceptance is affected by a number of clinician, patient, technical, and organizational factors.
An important highlight of this review is that while ED clinicians acknowledged the usefulness of POC cognitive support technology in concept, actual use of existing POC technologies was low in the ED. 6, 36, 39, 43, 48 It may be that while an ED clinician's attitudes and beliefs can predict behavioral intention to use a technology, 24 clinical context and impact (e.g., time pressures, patient acuity and preferences, staffing) 6, 18, 20, 2137, 42, 45, 48 are important considerations when it comes to understanding and facilitating clinician use of technology during routine ED care. Enduser appraisal, once a technology is in use, is considered a core determinant of adoption. 49, 50 Nine studies in this review explored the role of clinical context and perceived clinical impact on technology use. [18] [19] [20] [21] 30, 31, 39, 44, 45 These studies found that compatibility with the ED workflow, implications on patient safety and their expectations for treatment, and understaffing or staff turnover affected technology acceptance. In this regard, the adoption of POC cognitive support technology extends beyond establishing its value, 51 to establishing the impact of its use over time during clinical care.
Another key finding from this review is that there is an insufficient evidence base for technology acceptance of POC cognitive support technologies that have been implemented in real-world clinical practice. In this review, the number of studies that examined existing technology was disproportionately small in comparison to those that studied a novel or developing technology. As such, "actual use" as an indicator of technology acceptance is understudied compared to the study of perceptions based on usability testing and short-term pilot studies. Technology acceptance, however, is not static. Familiarity can promote higher acceptance as the tension associated with use diminishes over time. 33 To better understand technology acceptance in realworld clinical practice, studies investigating clinician use of, and adherence to, POC cognitive support technology during day-to-day ED care are needed. Evaluations should be prospective and over long-term implementation periods to capture changes in user perception and use over time. Such studies would Finally, this review demonstrated that technology acceptance is affected by a number of clinician, technical, patient, and organizational factors. The TAM2 framework, 20, 24 the most pertinent and widely used model of technology acceptance in the medical context, 52 identifies 11 technology acceptance variables that are closely aligned with these four factors. In this review, however, only two studies 20, 42 considered all the variables in the TAM2 framework. While perceived usefulness and workflow compatibility have been found to have strong predictive values for technology acceptance, 20 these variables were understudied for POC cognitive support technologies in the ED. The identified discord between "intended use" and "actual use" may, in part, reflect the fragmented application of technology acceptance theory during the design and study of POC cognitive technology. Moving this review's findings forward, studies of POC cognitive support technology should consider how models such as the TAM2 can inform technology development and outcome evaluation in implementation studies. Strategies to bridge the gap between intended use and actual use should be informed by clinician, technical, patient, and organizational factors found to be significant in the ED-based literature as well as principles for effective design and implementation of cognitive support technology. [10] [11] [12] [13] [14] Further, research designs need to account for potential mediating and moderating relationships that may affect technology acceptance and POC cognitive support technology implementation. Potential avenues of exploration include:
1. Supporting clinician involvement in technology design and refinement (technical and clinician factors) and training for tool use (organizational factors) and examining the impact of these on clinicians' knowledge and confidence to use POC cognitive support tools (clinician factors). 18, 31 Other explorations may include whether these strategies address current findings of clinician concerns of autonomy in clinical judgment 33, 34, 48 and legal liability. 30, 45 2. Developing and testing tool algorithms that can respond to complex patient needs (technical factors) and exploring whether this strategy will address study findings that POC cognitive support technology can be inflexible or difficult to use for unique or complex patient cases (patient factors). 21, 30, 35, 46 
LIMITATIONS
This review has several limitations. First, the parameters defining POC cognitive support technology in the ED lacked clarity prior to the literature search. Due to the novelty of this area of study, these parameters were ambiguous in the literature, and our criteria were subject to revision during the search execution. Initially, five studies were manually preselected for inclusion and incorporated into the search strategy. Upon full engagement with the breadth of literature during the screening phase, one of the five studies were deemed to be inconsistent with the revised criteria for "cognitive support technology" and removed post hoc. Data Supplement S2 presents the final inclusion and exclusion criteria, based on five iterations of revision, for consideration in future research on ED-based POC cognitive support technology. Second, given that health technology is an emerging science, there may have been gray literature not included in this review and review findings may not fully reflect technology acceptance. Finally, our findings on technology acceptance are limited by the methods by which technology acceptance data were collected. Twelve of the 24 studies used a single, structured approach (namely, through structured questionnaires or reports generated by the technology on use). This approach would have restricted study investigators from identifying novel or unexpected findings related to acceptance. Further, selection bias might have been introduced with studies that relied solely on self-reported data as respondents and nonrespondents may have been systematically different. Moving forward, a multimethod approach to studying technology acceptance, such as the combination of individual and group interviews with clinicians, and direct observation and documentation of clinician use of technology at the bedside, would help to identify the cognitive and behavioral processes associated with technology acceptance with greater reliability and accuracy.
CONCLUSIONS
Point-of-care cognitive support technologies are emerging evidence-based tools that have the potential to enhance the quality and safety of patient care. In this review, we found that despite clinicians' acknowledgement of the utility and value of point-of-care cognitive support technology use in the ED, the actual reported level of use was low. Implementation research with large and diverse clinician samples, over extended time frames, and using a uniform approach to explore the relationships and impact of clinician, technical, patient, and organizational factors on technology acceptance are needed. We recommend product manufacturers address the technical barriers to acceptance, by developing user-friendly interfaces. Further, health administrators need to consider institutional barriers to point-of-care cognitive support technology, particularly when uptake among clinicians is low. We also recommend that health administrators provide environments conducive to the adoption of new technologies, including adequate training, user support, and advocacy.
